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[57] ABSTRACT

A bridge rectifier circuit comprises a bridge of switch-
ing transistors 1 to 4 having their control terminals
connected to switch the transistors to provide either full
wave rectification of an a.c. input voltage or polarity
correction of a d.c. input voltage of either polarity
appearing at terminals A and B. The switching transis-
tors are all of the same polarity type and at least two
floating drivers 6 and 7 are connected to generate and
supply control potentials to the control terminals re-
spectively of a pair of the switching transistors.

In a preferred embodiment the switching transistors
comprise field effect transistors. The floating drivers

can comprise at least one respective bridge rectifier 12
capacitively linked to a source of voltage pulses 10
when the input voltage has a predetermined polarity, to
generate the control potentials. Alternatively the float-
ing drivers can comprise a voltage doubler or quadru-
pler capacitively linked to the source of voltage pulses.
Such bridge rectifier circuits can be employed in a tele-
phone instrument.

14 Claims, 6 Drawing Figures
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1
BRIDGE RECTIFIER CIRCUIT

FIELD OF THE INVENTION

This invention relates to a means to rectify a.c. input
voltages or varying d.c. input voltages and more partic-
ularly to bridge rectifier circuits employing field effect
transistors (FET’s).

DESCRIPTION OF THE PRIOR ART

Both transmission signals and power signals are fre-
quently transmitted as a fluctuating voltage which is
either an a.c. voltage, or a DC voltage of changed po-
larity. |

In a telephone instrument since the components re-
quire a unidirectional voltage, it is convenient to rectify
a received alternating voltage rather than provide an
alternative power supply. This is particularly true
where modern solid state components are employed
which require compact equipment having unidirec-
tional voltage sources.

Typically a diode bridge having two parallel compo-
nent arms is employed to rectify the fluctuating voltage.
However this type of bridge is limited to handling a
working voltage across the bridge in excess of 13 volts
peak to peak since usual diodes in the bridge provide a
voltage drop across the bridge of about 1.5 volts. The
use of field effect transistors, instead of diodes permits a
reduction in the voltage drop across the bridge. The
transistor bridge rectifier comprises a two arm bridge
network wherein one arm includes a pair of p-channel
and one arm includes a pair of n-channel field effect
transistors, for example metal oxide silicon (mos)
FET’s. The FET’s are switched directly by the incom-
ing line voltage to be rectified. A rectified output can be
taken across the location where respective p-channel
and n-channel FET’s are coupled together. An example
of such a bridge is illustrated in FIG. 1, the detailed
construction and function of which will be familiar to
one skilled in the art and need not be described herein.

Although the FET bridge illustrated gives a satisfac-
tory performance, usage of the bridge is limited as a
consequence of the cost and size of the p-channel
FET’s, cost and size beig important considerations in
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modern electronic equipment; in addition there can be a 45

transmission of any disturbance on the incoming line
Into the output unidirectional voltage, since the gates of
the FET switches are driven directly from the incoming
line.

It 1s an object of the invention to provide a bridge
rectifier wherein only n-channel FET switches need be
utilized. |

SUMMARY OF THE INVENTION

According to one aspect of the invention there is
provided a bridge rectifier circuit comprising a bridge
of switching transistors having their control terminals
connected to switch the transistors to provide either full
wave rectification of an a.c. input voltage or polarity
correction of a d.c. input voltage of either polarity, the
switching transistors being all of the same polarity type,
and at least two floating drivers connected to generate
and supply control potentials to the control terminals
respectively of a pair of the switching transistors.

In one embodiment the floating driver comprises a
bridge rectifier capacitively linked to a source of volt-
age pulses when the input voltage has a predetermined
polarity. In another embodiment the floating driver
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comprises either a voltage doubler or voltage quadru-
pler capacitatively linked to a source of voltage pulses
when the input voltage has a predetermined polarity.
By using a floating driver, which provides an output
having a predetermined level above that of a floating
base voltage, it 1s possible to employ in the bridge recti-
hier circutt switching transistors which are solely n-
channel FET’s. In this way it is possible to significantly
reduce the cost and size of the bridge and to also reduce

the necessary working voltage across the bridge, for

example to the order of 0.3 volts. As a result a bridge
rectifier. in accordance with the invention is suitable for
use in a telephone instrument to provide the correct
polarity voltage from the fluctuating input line voltage
which can be positive or negative. It is also suitable for
rectifying low secondary voltages from transformers,
thereby increasing the efficiency of and reducing the
power dissipation therefrom, permitting smaller and
cheaper transformers to be used.

According to another aspect of the invention there is
provided a rectifier circuit comprising a bridge of
switching transistors having their control terminals
connected to switch the transistors to provide either full
wave rectification of an a.c. input voltage or a polarity
correction of a d.c. input voltage of either polarity,
respective transistors having their control terminals
connected to respective independent floating drivers
which generate and supply control potentials to said
terminals.

In this way the control of rectifier circuit output is
1solated from the input alternating voltage.

Examples of embodiments of the invention will now
be described with reference to the accompanying draw-
ings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a prior art bridge rectifier;

FIG. 2 illustrates a bridge rectifier circuit in accor-
dance with the invention;

FIG. 3 illustrates a bridge rectifier circuit in accor-
dance with the invention for use in a telephone instru-
ment;

FIG. 4 illustrates a bridge rectifier circuit in accor-
dance with the invention for use with a transformer.

FIG. S illustrates a floating driver in the form of a
voltage doubler.

FIG. 6 illustrates a floating driver in the form of a
voltage quadrupler.

Referring to FIG. 2, input terminals A and B receive
either an a.c. input line voltage to be rectified or a D.C.
line voltage of either polarity to be corrected. Two
component chains are connected in parallel across the
input terminals. The first chain comprises an n-channel
MOSFET 1 having its source S1 coupled at a point X to
the source S4 of a further n-channel MOSFET 4. The
second chain comprises an n-channel MOSFET 2 hav-
ing its drain D2 coupled at a point Y to the drain D3 of
a further n-channel MOSFET 3. The points X and Y
provide a D.C. output voltage which can be connected
across a load 5. |

In the first chain the gate G1 of MOSFET 1 is con-
nected to terminal B and the gate G4 of MOSFET 4 is
connected to terminal A. Clearly as the gate to source
voltage Vgs becomes positive for the respective MOS-
FET’s 1 and 4, they will become conductive. Vgs of
MOSFET 1 becomes positive when the voltage at input
A relative to input B (V 4p) is negative. Similarly the
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Vgs of MOSFET 4 becomes positive when the line
polarity reverses.
In the second chain the gate G2 of MOSFET 2 is
connected to the positive output of a floating driver,
generally identified by the numeral 6, the base terminal

of the driver 6 being connected to the source S2 of the

MOSFET 2. The gate G3 of MOSFET 3 is connected
to the positive output of a floating driver, generally

identified by the numeral 7. The base terminal of the
driver 7 being connected to the source S3 of the MOS-
FET 3. Each driver is connected to an oscillator 10.
The oscillator 1s connected firstly by a capacitor 11 {o a
diode bridge 12, and secondly through an invertor 13
and a capacitor 14 to the diode bridge. A voltage 1s
dropped across the diode bridge whenever oscillator
pulses are emitted, and this voltage can be dropped
across a resistor 135 to provide a voltage on the terminal
P which is a predetermined amount above the voltage
on terminal Q, irrespective of the level of voltage on
terminal Q. |

The oscillator supplying driver 7 is connected to a
diode 16 to terminal B and directly to terminal A. A
gate (not shown) incorporated within the oscillator
opens to allow oscillator pulses to pass to the diode
bridge 12 only when the diode 16 conducts, that is to
say when the polarity of V45 is negative. The conse-
quent voltage appearing on terminal P causes a positive
~value of Vgs for the MOSFET 3 and hence it becomes
conductive.
- Similarly, the oscillator connected to driver 6 is con-
~nected by a diode 16 to terminal A and directly to termi-
nal B. Consequently oscillator pulses are allowed to
pass to the diode bridge 12 only when the polarity V 45
1s positive. The consequent voltage appearing at the
terminal P causes a positive value of Vgs for MOSFET

. 2 and hence MOSFET 2 becomes conductive.

It will be apparent to one skilled in the art that when
-V 4p 18 positive MOSFET 4 and MOSFET 2 become
.. conductive, hence the voltage appearing across termi-
~-nals X and Y (Vyy) i1s negative. When V 45 is negative
-V xyls again negative, because this time MOSFET 1 and
MOSFET 3 become conductive. Therefore any chang-
ing polarity voltage (whether A.C or D.C) across termi-
nals A and B is rectified by the bridge rectifier in accor-
dance with the invention. It will be apparent that the
utilization of floating drivers allows the use of p-chan-
nel FET’s to be eliminated. However, it is clear that
other forms of switching means could be employed
instead of MOSFET’s 1 to 4. Preferably the oscillator
10 supplying each floating driver is powered, from the
signal voltage applied to terminals A and B.

FIG. 3 1llustrates a bridge rectifier in accordance
with the invention wherein the rectification is isolated
from direct interference from the input line voltage in
that it employs twinned floating drivers 6 and 7 which
switch all MOSFET switches in the bridge. It will be
apparent that components common to FIGS. 2 and 3
share the same reference numerals. The circuit uses
high voltage switches since they have to withstand high
line transient voltages during operation. The drivers 6
and 7 illustrated in FIG. 3 include further bridge cir-
cuits 12’ capacitively linked across the inverter 13 by
means of capacitors 11’ and 14’. The voltage across the
bridge 12’ in driver 7 appearing at terminals P’ and Q' is
dropped across a resistor 15’ and is used to operate the
MOSFET 1, the positive voltage from terminal P’ being
applied to the gate G(1) and the base voltage being
applied to the source S(1). Similarly, the voltage across
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the bridge 12’ in driver 6 is dropped across a resistor 15’
and 1s used to operate MOSFET 4, the positive voltage
being applied to the gate G(4) from terminal P’ and the
base voltage being applied to the source S(4).
Consequently in driver 6 only when V 45 is positive
will the gate incorporated within oscillator 10 be acti-

vated to permit oscillator pulses to pass to the diode
bridge 12. This results in the MOSFET’s 2 amd 4 being

made conductive and V yy will be negative. In driver 7
only when V 45 1s negative will the gate incorporated
within oscillator 10 be activated to permit oscillator
pulses to pass to the diode bridge 12. This results in the
MOSFET’s 1 and 3 being made conductive and Vyy
will again be negative.

Therefore an alternating input signal appearing at
terminals A and B is rectified to produce a unidirec-
tional voltage at terminals X and Y. This arrangement
of controlling the FET"s is isolated from variations and
surges appearing across terminals A and B and is there-
fore of particular use in a telephone instrument 40,
which can be connected across terminals X and Y. An
isolating switch designated generally by numeral 30 is
incorporated between the telephone instrument 40 and
terminals X and Y. The isolating switch employs a float-
ing driver system similar to that employed for MOS-
FET’s 1 to 4 and is not described in detail here. This
switch isolates the load in the instrument from high
voltage pulses which appear on the line when a number
is being dialled by connecting an impulsing line 32 from
the telephone instrument to a NOR gate 31 through
which oscillator pulses for the switch 30 can only pass
when a logic signal does not appear on impulsing line
32.

FIG. 4 illustrates a further bridge rectifier wherein
small AC input signals can be rectified. Components
common to FIGS. 3 and 4 share the same reference
numerals. AC input signals from say a secondary wind-
ing of a transformer (not shown) are fed onto terminals
A and B. In addition to connection to the two compo-
nent chains, the terminals are connected to a compara-
tor 20 such that an output 1s produced whenever V 4p1s
negative. The output from the comparator is fed to a
NAND gate 21, connected to driver 7, which receives
oscillator pulses from oscillator 10. Consequently
whenever V 4p is negative gate 21 is opened to permit
oscillator pulses to reach diode bridges 12 and 12’ to
switch on MOSFET’s 1 and 3 thereby producing a
negative value of Vyy.

The comparator 20 is also connected through an
invertor 22 to a further NAND gate 23, connected to
driver 6, which receives oscillator pulses from oscillator
10. Consequently whenever V 45 is positive gate 23 is
opened to permit oscillator pulses to reach diode brid-
ges 12 and 12 to switch on MOSFET’s 2 and 4 thereby
again producing a negative value of Vyy.

Therefore the alternating input signal appearing at
terminals A and B is rectified to produce a unidirec-
tional voltage at terminals X and Y. The circuit shown
allows a small voltage input to be rectified because the
oscillator 1s powered by a separate power supply 24
which can also be used to power the comparator 20 and
invertors 13 and 22.

It will be apparent that there are alternatives to the
floating drivers illustrated in FIGS. 2 to 4. For example,
a voltage doubler or voltage quadrupler, as illustrated in
FIGS. 5§ and 6 respectively could be employed. These
floating drivers illustrated use a network of diodes
linked by capacitors to oscillator 10 which act as a form
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of diode pump. Clearly the form of voltage doubler or
quadrupler 1s not limited to the design illustrated and
other integer increases could be used.

In this way the voltage appearing at outputs Q and P
can be doubled or quadrupled with regard to the supply
voltage from the oscillator (neglecting voltage losses
across the diodes) thus allowing a step up of voltage
from one below the control potential for the MOS-
FET’s to one above the control potential for the MOS-
FET’s.

It will be apparent that a bridge rectifier in accor-
dance with the invention has many uses which are not
disclosed herein but will be apparent to a person skilled
in the art.

We claim:

1. A bridge rectifier circuit comprising a bridge of

switching transistors having their control terminals
connected to switch the transistors to provide either full
wave rectification of an AC input voltage or polarity
correction of a DC input voltage of either polarity, the
switching transistors being all of the same polarity type,

at least two floating drivers connected to generate and
supply control potentials to the control terminals re-

spectively of a pair of the switching transistors, said
floating drivers comprising a source of voltage pulses,
means controlling said source to produce voltage pulses
only when the input voltage has a predetermined polar-
ity, a respective bridge rectifier for each said driver, and

- capacitor means linking each said respective bridge

rectifier to the said sorce of voltage pulses, and the
rectified outputs of said bridge rectifiers providing said
control potentials to said control terminals of the
switching transistors.

2. A rectifier circuit according to claim 1 wherein the
switching transistors comprise field effect transistors.

3. A rectifier circuit according to claim 1 wherein all
of the switching transistors have their control terminals
connected to respective floating drivers.

4. A telephone instrument including a bridge rectifier
circuit according to claim 1.

5. A telephone instrument according to claim 4, the
rectifier circuit providing a DC supply for electronic
circuitry within the instrument, and including an isolat-
ing switch arranged to isolate the DC output of the
rectifier circuit from the circuitry in the instrument in
response to dialling signals generated in the instrument.

6. A telephone instrument according to claim 85,
wherein the isolating switch comprises a switching
transistor in series with the DC output of the rectifier
circutt, and a floating driver connected to supply a
control potential across the control terminals of the
switching transistor, said floating driver being respon-
sive to a control signal produced by the telephone in-
strument to indicate that dialling signals are being gen-
erated, to turn off the switching transistor.

7. A telephone instrument according to claim 6,
wherein the floating driver comprises a bridge rectifier
capacitively linked to a source of voltage pulses only in
the absence of the control signal.
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and supply control potentials to the control terminals
respectively of a pair of switching transistors, said float-
iIng drivers comprising a source of voltage pulses, means
controlling said source to produce voltage pulses only
when the input voltage has a predetermined polarity, a
respective voltage doubler for each said driver and
capacitor means linking each said respective voltage
doubler to the source of voltage pulses, and the output
of said voltage doublers providing said control poten-
tials to said control terminals of the switching transis-
tors.

9. A rectifier circuit according to claim 8 wherein
each voltage doubler comprises a network of diodes and
capacitors arranged to form a diode pump.

10. A bridge rectifier circuit comprising a bridge of
switching transistors having their control terminals
connected to switch the transistors to provide either full
wave rectification of an A.C. input voltage or polarity
correction of a D.C. input voltage of either polarity, the
switching transistors being all of the same polarity type,
and at least two floating drivers connected to generate
and supply control potentials to the control terminals
respectively of a pair of the switching transistors, said
floating drivers comprising a source of voltage pulses,
means controlling said source to produce voltage pulses
only when the input voltage has a predetermined polar-
Ity, a respective voltage quadrupler for each said driver,
and capacitor means linking each said respective volt-
age quadrupler to the source of voltage pulses, and the
output of said voltage quadruplers providing said con-
trol potentials to said control terminals of the switching
transistors.

11. A rectifier circuit according to claim 8 wherein all
of the switching transistors have their control terminals
connected to respective floating drivers.

12. A rectifier circuit according to claim 10 wherein
all of the switching transistors have their control termi-
nals connected to respective floating drivers.

13. A telephone instrument including a bridge recti-
fier circuit comprising a bridge of switching transistors
having their control terminals connected to switch the
transistors to provide either full wave rectification of an
AC mput voltage or polarity connection correction of a
DC input voltage of either polarity, the switching tran-
sistors being all of the same polarity type, and at least
two floating drivers connected to generate and supply
control potentials to the control terminals respectively
of a pair of the switching transistors, the rectifier circuit
providing a DC supply for electronic circuitry within
the instrument, and including an isolating switch ar-
ranged to i1solate the DC output of the rectifier circuit
from the circuitry in the instrument in response to dial-
ing signals generated in the instrument, wherein the
1solating switch comprises a switching transistor in
series with the DC output of the rectifier circuit, and a
floating driver connected to supply a control potential
across the control terminals of the switching transistor,
said floating driver being responsive to a control signal
produced by the telephone instrument to indicate that

8. A bridge rectifier circuit comprising a bridge of 60 dialing signals are being generated, to turn off the

switching transistors having their control terminals
connected to switch the transistors to provide either full
wave rectification of an A.C. input voltage or polarity
correction of a D.C. input voltage of either polarity, the
switching transistors being all of the same polarity type,
and at least two floating drivers connected to generate

65

switching transistor.

14. A telephone instrument according to claim 13,
wheremn the floating driver comprises a bridge rectifier
capacitively linked to a source of voltage pulses only in

the absence of the control signal.
¥ X X % ¥k
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